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LABORATORY PLASMA PROBE STUDIES 



Walter J. Heikkila 



Plasma laboratory experiments and data reduction continued during this 
reporting period. This report summarizes some of the data obtained on electro- 
static resonances observed in the plasma generated at The University of Texas 
at Dallas. 

Dr. Rainer Kist* and UTD personnel utilized a UTD developed digital Langmuir 
probe plus RF probes to study resonances generated in a collisionless laboratory 
c ° 2 -plasma. Laboratory instrumentation, including the Langmuir probe output, 
were connected to the PDP 11/45 digital computer which automatically recorded 
and reduced probe data. 

The main body of this report is presented in the following two papers wrlcten 
by Dr. Klst. 

Appendix A: Plasma Probe Measurements in a Collisionless Laboratory 

CO^-plasma. 

Appendix B: Operation of a Digital Langmuir Probe on Line with a 

PDP 11/45 Digital Computer 
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*0n leave at UTD, sponsored by the European Space Research Organization (ESRO), 
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Plasma Probe i easurernents in a 


Collisionless Laboratory CC^-Plasma 


by 


Hainer Kist 


■h 


This memo describes diagnostic experiments performad in a 
collisionless plasma using as working gas. In particular 
simultaneous measurements that have been performed by means 
of Langmuir- and n?-probes are presented. A resonance occuring 
above the parallel resonance in the freauency characteristic 
of a two electroda system is interpretea as being due to the 
resonant excitation of elect. oacoustic waves. The memo repre- 
sents a part of the accomplishments achieved in the course of 
a laboratory plasma investigation at the University of Texas 
at Dallas (UTD) . 
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On leave at UTD, sponsored by tr.e European Soace research 
Organization (LJHC), now European Opuco Agency (LCA). 


Introduction: 
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Studies with diagnostic probes in laboratory plasmas have 
several important advantages as compared to space plasma in- 
vestigations : 

1) Systematic variation of the parameters involved with 
the possibility of measuring over large time intervals 
and of repeatin the measurements . 

2) extensive testing of the performance of space plasma 
probes in a plasr i environment prior to a space mission. 

3) o.ystematic investigation of specific plasma phenomena 
with the aim of improving existing or developing new 
diagnostic methods. 

1 ) Extensive investigation of various phenomena such as 
plasma wave mode generation md propagation, instable 
plasma states and nonlinear effects. 

3) relatively low cost and short time period needed for 
realizing a olasma experiment. 

The results of such laboratory olasma investigations may pro- 
vide data for checking on particular theories in plasma physics 
or have impact upon the understandinz in fields like space 
plasmas (planetary ionospheres, magnetospnere , solar wind etc.) 
or even (after scaling up the results properly) fusion plasmas. 

For tne space plasma physicist the laboratory olasma is and 
will remain a very valuable tool even though in the coming 
spacelob age the ionosphere itsel*’ may be used for particular 
investigations as a large scale "laboratory" plasma of low 
density ana temperature. 
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in the piece of work presented here the influence of the 
electron temperature on the frequency characteristic of the 
plasma impedance of a two electrode system was investigated, 
if particular interest was the resonant excitation of electro- 
acoustic waves within two R? electrodes for different ceorae- 
tries and plasma conditions. 


Experimental S.yste; 


A stainless steel vacuum chamber, 70 cm long and 50 cm in 
diameter, has been ecuippea with a plasma source which uses 
CO 2 as working gas. * turbomolecular pump together with a 
copper shroud which was cooled down to liquid nitrogen tempe- 
rature provided a background vacuum of about 10 -Q Torr. Fig. 1 
shows the source chematically. The general concept was to 

produce a discharge plasma in a separate volume V. (bell jar) 

• % • 

and let it expand into the volume V~ (chamber) through a dia- 

p 

ohragra. During operation tyoical pressure values were 10 

-4 

Torr in volume and 1C Torr in volume V^. In order to con- 

trol the pressure gradient and the plasma source performance 
the diaphragm was an iris whicn could be varied by means of 
a feedthrough mechanism. A heatec. cunersten cathode provides 
primary electrons for the discharge as well as neutralizing 
electrons for the ions moving from the discharge region into 
the tank. * paddle proved very useful in baffling high ener- 
getic electrons comir” from the discharge. 

A set of different Dlasma probes were installed in the tank, 
in particular 

a) a conventional Langmuir probe (L?) 

b) a retarding potential analyzer (:tPA) and 


c) 


electrode systems for Hr imoeoance measurements. 




Fig. 2 chow3 schematically the arrangement of the plasma 

# 

source und the pr.obes in the vacuum system. The probes were 
mounted on movable high vacuum feedthroughs in order to 
change their position and/or orientation within the tank. 

• 

The HF-measurements presented in this memo were performed 
with a cylindrical and a spherical two-electrode system 
. (E-p E 2 ), as shown in Fig. 3» The principle of the RF-moasure- 
ment is also shown. A swept frequency RF generator provides 
a signal of constant amplitude within the frequency interval 
of typically 1 to 25 NHz. The RF-reference voltage at 
as well as the test voltage U T at E^ are measured and compared 
as to their complex ratio 

%t!iu -buf 

. , by means of a network analyzer hp 640?. 

% 

The signals provided by the network analyzer are magnitude 

T 

in c/£ 

and phase ^ * arctan (F/E) in decrees. Magnitude and phase 
together are a measure for the complex plasma impedance 
Z =, X + jY between E^ and E^. In case of the spherical system 
• half spheres were used as and E 2 * Additional half spheres 
were operated as guard electrodes in oraer to reduce the 
influence of the tank walls. 

In Fig. 4 are shown current-voltage characteristics of a 
spherical (diameter: Id mm) stainless steel Langmuir probe. 



r 
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The parameter of this set of curves is the bias voltage Up 
of the plasma source boating circuit. It can be seen that 
the velocity distribution and temperature T q of the electrons 
is markedly influenced by Up. In the present cane the distri- 
bution function is maxwellian in good approximation for Up- 
values of - 2 V, - 3 V and - 4 V. The corresponding T^-values 
are 0.55» 0.53 and 0.52 eV, respectively. For each of these 
Langmuir curves the magnitude measured as function of 
frequency was plotted on a X-Y-recorder. Fig. 5 shows the 
corresponding set of curves, which reveals the following 

essential features: nDI/)11 ,.. 

ORIGINAL PAGE IS 
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a) above the parallel resonance f p , which is in our case 
(no magnetic field) equal to the plasma frequency f«, 
occurs an additional resonance f 7 , and 


b) f 7 is pronounced most clearly for the case of maxwellian 
distribution of the electrons with low electron tempera- 
ture T e (Up - - 2 V, - 3 V, - 4 V). 


This resonance f^ can be understood in terms of electroacoustic 
waves (also called electron pressure or Landau waves) which 
are launched by an RF-sourco aoove the plasma l'reauency. Exci- 
tation of this electrostatic type of plasma wave, which is 
damped with increasing frequency by collisionless or Landau 
damping, is predominantly responsible for the real part of the 
impedance of an electrode system immersed into a plasma. For 
a single electrode this real part would decrease mor.otonically 
with increasing freoueucy. For a two electrode system (Ep, 
as used in our ex ceriment, however, a characteristic electrode 
distance d can be defined (aistuace between inner and outer 
cylinder or between two spheres). In this case the electro- 
acoustic wave can oroduce a standing wave pattern between Ep 
and E^. This is expected to occur essentially at eigen fre- 
quencies of the system felectrodas-plasrr.al for which the wave- 
len.Tth/i ea (or integer multiples of it) matches the distance d. 


To check this interpretation we start with the Bohm/Gross 
(1959) dispersion relation for these plasma waves 


z + (z KT e lw e & (i) 


Here Co is the angular RF • frequency , the angular plasma 
frequency, K is Boltzmann's constant, m Q the electron mass 
and k ■ 2 7T//? the electroacoustic wave number. Equation (1) 
gives the wavelength /[ ea a' the resonance frequency f 2 -4? J2JJ 



Applied to the rneasuresaents of Fig. 5 we get the following 
table Is 


Table 1 


u l /v 

T /eV 

B 

V f u - 1 

' ea /cm 

- 1 

.61 

1.40 

56 

- 2 

.55 

1.34 

5^ 

- 3 

.53 

1.31 

56 

- 4 .. 

.52 

1.50 

52 

- 5 

.65 

1.32 

54 

- 5 

.65 

1.38 

54 

The distance 

of the 

cylindrical electrodes is 

d - 3o mm. Due 

to the cylind 

.ricul i 

eometry (equation (1) is 

strictly velid 


for clone waves), to the ion >>he*th, and possible inhomo toneous 
plasma distribution within the electrodes one cannot oxoect 
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an absolute aereoment between _ and d. But we have as an 

aa 

essential result, tnat the ratio /? / d is constant within a 

0 

few percent for all combinations (f^., f ^ , T 0 ) that occur in 
the set of curves of Fi b . 5. 

• 

Theoretical work done by Whale (1965). .‘tebnain (1965) and 
Lin/: ei (1970) shows that excitation of electroacoustic waves 
is reduced by the presence of an ion sheath. On the other hand 
collapsing the ion sheath by changing the electrode bias poten- 
tial to the plasma potential leads to electron absorption so 
that damping of the electroacoustic wave is to be expected ,tcc. 
Thus varying the electrode TJC-potentiel from negative (ion 
sheath expended) to positive (ion sheath "collapsed”), a value 
for U-jq should occur for which the resonance at f^ is best 
pronounced. 

T 

The curves of Fig. 6, where the potential U DC of the test 
electrode was varied, exhibit exactly this behaviour and 
thus seem co confirm the interpretation for the f^-resonance 
suggested above. 


keasurenents with tne spherical electrode system also show the 
resonance in * f^ as can be seen from Fig. 7» In this case 
a distance d of the two spheres was varied. In case of the 
large distance d = 92.8 mm a second resonance i above f^ 
occurs. These measurements were analyzed on grounds of a theory 
by Ch-isseriaux et (1972), m which the potential of an 
oscillating point charge in a warm isotropic plasma is calcu- 
lates usin kinetic plasma theory. The results predict reso- 
nances of the potential and hence of the plasma impedance of 
a spherical system essentially nt those frequencies, at which 
the wavelength /? (or interer multiples) equals the distance 
d between the spheres. As to our experiment we thus have to 
check, if the measured values for d, fr,, (and f 7 0 and f . lead 
to tha same electron temperature. The result of this analysis 
is presented in table 2. 


i 
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Table 2 


dy/ mm 

f Zl /f N 

T /#V 

Q 

92.8 # 

1.11 

.44 

83.8 

1.11 

.43 

74.8 

1.14 

.45 

65.8 

1.20 

.53 . 


Again the essential result is that all cases lead in fact 
within a few percent to the same .lean temperature T g ■ 46 eV. 

In case of d * 5 5.8 ram the error in is relatively large dub 
to the larger error in reading the resonance frequency f^. The 
mean value for T is indicated by the straight line drawn into 
the corresponding Langmuir characteristic of Jig. 8. The adai- 
tiona' resonance at f^p leads, applying the tneor.y of Ohasse- 
riaux et al., to the value 3? «■ .51 eV. This value still 3eems 

to be reasonable in view of several error sources like reading 
error for f deviation of tne velocity distribution of the 
electrons from maxwellian, presence of an ion sheath around 
the electrodes etc. 

The experiments presented here show that a system of two RF- 
electrodes lead to additional resonances of the impedance 
characteristic above the plasma frequency which can be under- 
stood in terms of resonant excitation of electroacoustic waves. 

Systematic ana more detailed investigations of the plasma 
impedance of two electrode systems will be performed in the 
big plasma chamber at IPV/^/Freiourz. The importance of the 
additional resonance f^ relies or: two aspects: 

1) knowing the distance d ana the plasma freouency f^, 

fr, allows in principle to deduce the electron temperature T y . 

IP'./ * Institut fur Physikaliscne Veltraunf orscnuhg. 
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2) Thi3 method v/ould allow to determine T with high temooral 

-1 m l ™ 

resolution (1C to about 10 sec) which would be of 
particular vulue for diagnostic measurements in space 
plasmas as well as non stationary laboratory plasmas. 
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OPERATION OF A DIGITAL LANGMUIR PROBE 


ON LINE WITH A PDP 11/45 DIGITAL COMPUTER 

by 

RAINER KIST* 

This memo describes the concept and the performance of the 
Digital Langmuir Probe (DLP) experiment, the necessary Interface electronics 
to the computer and the associated software. The system was set up to 
provide a flexible diagnostic tool for the laboratory plasma facility 
at the University of Texas at Dellas (UTD) . The memo summarises a 
part of the accomplishments achieved in the course of a project which 
deals with production and diagnostics of collisionless laboratory plasmas 
at UTD. 


UTD, September 1974 

*0n leave at UTD, sponsored by the European Space Research Organization 
(ESRO) , now European Space Agency (ESA) . 
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INTRODUCTION 


Several diagnostic probes such as RF-probc, Retarding Potential 
Analyzer (RPA) and Langmuir Probes (LP) have been installed in the 
Laboratory plasma chamber at UTD. Langmuir Probes of different materials 
(Stainless Steel, Polymorphic carbon) and geometry (spherical, cylindrical) 
have been used. Fig. 1 shows the arrangement of the probes within the 
chamber. The dutailed description and performance of the plasma source 
and the probes are the object of a separate memo. 

A conventional Langmuir probe electronics makes use of an electrometer 
amplifier with either a nonlinear (diode) feedback resistor or a linear 
feedback resistor plus subsequent logarithmic amplifier. This allows 
to display the logarithm of the probe current over 3 to 4 orders of 
magnitude (current-voltage characteristic). This compressed form of 
current display, however, does r.ot allow for a sufficient resolution of 
small current changes as they occur in time and/or apace due to density 
fluctuations associated with electrostatic waves on instabilities present 
in a plasma. 

In order to measure small electron density fluctuations in the 

F-region of the Equatorial Ionosphere a digital Langmuir Probe (DLP) was 

developed at UTD by D. Winningham and J. B. Smith for use in the EQUION 

rocket project. The unique feature of this experiment is to provide an 

.9 

absolute current resolution of 'v* 10 Amps and a maximum relative 
-4 

resolution of ^ 10 . 

Since the investigation of electrostatic wave modes and instabilities 
is of special interee', for laboratory plasma physics, this DLP was 
installed for use in the plasma chamber at UTD. In particular the 
digital output of the instrument allowed for a straight forward connection 


I 
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to Che computer (PDP 11/45). Therefore an interface electronicit and a set 
of computer programs were set up to transfer the data to the computer and 
from there on to magnetic tape and process them for display on a Calcomp 
plotter. 

A general diagram of the system DLP-Computer is shown in Fig. 2. 

The mean parts of the system are described below in more detail. 

11. Prcourties of the DLP - Electronics* 

A triangular bias waveform Is applied at C (see Fig. 3) through the 
electrometer amplifier (1) to the Probe P. The laboratory version of 
the DLP allows for using the waveform of either the internal or an external 
bias generator. The range for the bias voltage is from -1 to +3 volts. 

The period T of the internal bias generator is controlled by the bit 
rate fed into the experiment and can be varied between .5 S < T < 200 S. 

The relationship between T and the bit rate f ^ is 


l/S 


2 3040 
f b /Hz 


The electrometer amplifier is a 3420L BURR-BROWN with bia3 current 
of about 1 pA and frequency response better than 2 kHz. 

The bias waveform at G also appears at A, B, and C. Therefore the 
bias is also introduced at J so that Amplifier 2 can see the bias as a 
common mode signal, and can reject it, making D independent of the bias 
and responsive only to the signal produced by the input current at A. 
One of the important system tests consists of holding the input current 


V 


*This chapter is essentially the ULP electronics description that already 
had been prespared by D. Winningham and J. B. Smith for the EQUION'-Project . 
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constant and lotting Che bias voltage cycle while observing t output 
code. If the system is properly adjusted, the output code will not change 
by more than 1 or 2 LSB's. 

The principle of operation is obvious; only a few system constants 
will be specified here. The A/D converter is a 0 to -10 v full scale, 

8 bit unit. Of the total range of 256 increments (called minor Increments) 
only 200 are used, leaving an unused portion at the lower and upper edges 
of the 10 volt range. The limits of the 200 increment range arc determined 
by voltage comparators. Actually the comparators defined a range of 
200 increments plus a hysteresis band of a few increments in order to 
avoid an oscillatory condition when sitting at band edge. This means that 
certain values of current can be represented by two different code group 
differing by 200 minor increments and by 1 major increment. However, when 
the two code groups are decoded according to a fixed algorithm, exactly 
the same current results. 

When a voltage comparator switches it changes the D/A converter 
code by one increment (called a major increment). The resulting output 
analog increment is fed into the system at J which resets the output D 
by 200 minor voltage increments. 

The D/A is an 8 bit un<t in which the 256 increments correspond to 
an output voltage from -lOv to +10v. This range establishes the maximum 
measuring limits of the system, and Rj is chosen so that the desired 
maximum current will cause a + lOv change at B. However the bias voltage 
must be added to this which results in a range of -11 v to +13 v at B. 

With a + 15 volt supply, the +13 v limit exceeds the linear range of 
operation jf amplifiers 1 and 2. Therefore is chosen to be 786 Kfl 
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which results In a maximum voltage at B of 7.86 v + 3V - 10.86 v for an 
input current (electrons) of lOpa. This means that the positive range 
of the 0/A will not all be used. In the negative direction (positive Ion 
current) the maximum current will be even smaller, and Is not expected 
to exceed 15Z of the negative rai.ge capability. 

The sense of the output code is arranged as follows: At the negative 

limit (-10v of positive Ion current at B, all code bits arc zero. As the 
current changes so as to move B in a positive direction, the code increases 
and at +10V all bits are 1. 

At zero current (0 V at B) the code is 

DAC ADC 

MSB LSB MSB LSB 

0111 1110 1100 1000 

Here the ADC code Is 200. It cannot be 0 for zero current because the 
upper level comparator excludes this point from the operating region. 
Therefore a major Increment is "subtracted" (the DAC LSB ■ 0) and the 
ADC increased from 0 to 200. 

The code/current algorithm Is: 

i - I (DAC - 127) 200 + ADC] (5 x 10~ 10 ) where 

DAC - the decimal value of the D/a code 

ADC ■ the decimal value of the A/d code 

1 = amperes (positive i means electrons flowing U) the 
system. A negative 1 means positive ions flowing t£ 

the system). 

-10 

5 x 10 • the resolution or amps/minor increment 
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Wlien applied to the above code the result la: 

1 - [(126 - 127) 200 + 200] (5 x 10 -10 ) - 0 

If the current increases by a few minor Increments, say 15, the 
lower level comparator will trip and the resulting code will be: 

0111 1111 0000 1111 
Applying the algorithm 

1 - 15 (5 x 10" 10 ) - 75 x 10~ 10 a. 

The algorithm applies to all values of current. 

In reading the value of the analog clunnel only 1 fact Is necessary: 

■ 

The gain of Amplifier 3 is exactly -0.5. If D is -6 v, F Is +3v, etc. 

If the ADC code is known the voltage at D and F can be computed. The 
ADC Increment is 10v/256 ■ 39.0625 m.v. (40 mv is close enough). Therefore 

V u - - (ADC) .04 volts 
V F - (ADC) .02 volts 
or ADC - 50 Vj, 

from which the algorithm can be applied, 

1 - {(DAC - 127) 200 + 50 ‘ F ] (5 x 10~ 10 ) amps 

111. The Interface Electronics 

The Interface Electronics (IE) provides matching of the experiment 
output signal to the driver assembly and allows for operation of the 
DLP in different modes. In more detail the following functions are 
realized; we partly follow the schematic diagram. Fig. 4 and the timing 
chart Fig. 5. 

1) Thu bit rate is to be provided by an external pulse generator. 

The word and frame rates are deduced from the bit rate. 

2) The si "ini output signal DAC -ADC of the DM’ is stored in a 

16 bit storage register from where it will later be transferred 
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ln parallel to the computer via 4 each quadruple 2-llne to 
1-llne multiplexers. 

3) The voltage of the Internal or external bias generator la of fact 
by +1.33V and then fed to an A/D-Converter . The A/D-Convers ion 
is ordered by a strobe pulse generated In the programmer. 

4) The converter is also used for A/D-Converslon of the probe 
position monitoring voltage (position sweep). ThlB applies for 
the operation mode of the experiment, in which the probe is kept 
at constant bias voltage and moved within the plasma. 

5) A set of eight toggle switches allows for monitoring the 
experiment number (LXPNO) or a coded STATUS in order to identify 
a particular data run (measurement). 

6) Upon a select signal from the programmer the DAC/ADC data or the 
BIAS (or posit ion) /EXPNO (or STATUS) data is alternately switched 
by the multiplexers to the driver assembly and then via optical 
couplers to the receiver section of the computer. Sixteen 

bits are transferred in parallel to the computer receiver but 
are not actually read into the computer until a cycle request 
pulse is generated by the programmer. The rate at which the 
data points are sampled is 366 per scan. It is independent from 
the scantime, since both, scantime and sampling period are fixed 
multiples of the bit period 

7) The programmer generated cycle request pulse commands the 
computer to read the data at its receiver Inputs and to then 
follow the Instructions given by the computer program for data 
storage and/or reduction. 
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IV. The Computer Software 

At present the software (or the I ..P-Computer system consists of three 
programs 

1) Storage and Tape Transfer Program (PROBE) • ASSEMBLER 

2) Tape dumping Program (DLP), FORTRA’" IV 

3) Data Analysis Program (DIGITAL LANGMUIR PROBE). FORTRAN IV 

PROBE handles the data flux that Is coming from the Dl.P-cxperiment 
through the interface electronics IE to the receiver input of the computer. 
16 bit data words are stored in the upper core memory and arranged in 
blocks of 8K Bytts. The part of memory used allows for storage of 22 
blocks which form one file. One data block covers the data of 3.5 Scans 
of the Digital Langmuir Probe. As already mentioned the number of data 
samples taken per scan is 366 independently of the scantime. Thus with 
each run (measurement) practically 5 Langmuir Characteristics (each 
consisting of a full sweep upwards and a full sweep downwards) can be 
recorded. Prior Lo each measurement a computer attention button on the 
IE has to be pushed. This starts the computer to read 8 K bytes of data 
into the memory. A switch installed at the IE allows to interrupt the 
data flux. 

Once up to 22 data blocks are stored they are transferred on to 
tape by executing PROBE with one label card for each block. The label 
card contains additional information (80 bytes) about the particular 
measurement such as file Number, block number, date and experimental 
conditions (pressure, probe used, etc). The data sequence on tape Is thus: 
label card information - data block label card information - data block- 


A.J.O. After each 22nd block an End of Hie (EOF) mark is written on the 


Cape. When execudng PROBE for data transfer on Co tape a 00 card 
inserted right after the label cards takes care of reinitializing the 
memory so that a new set of 22 measurements can be stored upon pushing 
the computer intention button. 

For short compilation cf the procedure in handling the program PROBE 
see the copy of the printer record in Appendix A. 

The Program OLP reads the tape for a selected set of files and 
blocks and prints the data in 32 columns of octal numbers. The sequence 
of the data display is 

EXPNO - ADC - DAC - BIAS 

The selection of file Number (NF) and block (or record) number (NR) is 
made via a data card which contains the number of records to be read 
(MAXREX) in column 5, the number of records to be skipped (NRS) in column 
10 and tne number of files to be skipped (NFS) in column 15. 

Fig. 6 shows the flow diagram for this program; a copy of the 
printer record of DLP is included in appendix B. 

The program DIGITAL LANGMUIR PROBE in its present version meets 
the following objectives: 

1) Skip a specified number of files and records and print label 
(or header) card. 

2) Identify bias and find first bias peak. The bias identification 
relies on the fixed sequence of DAC/ADC/BIAS/EXPNO and the fact that 

the experiment number (toggle switch setting at the IE) is constant 
throughout one run. 

3) Calculate current i out of DAC/ADC according to the algorithm 


given in Chapter II. 


+mmm 
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4) Calculate the derivative T_ - 11606.9 ■ — . — 

G A log 1 

5) Print KXPNO, Bias, log 1 and T„ 

6) Plot data for one cycle (scan) on CALCOMJ’ - Plotter 

A simplified flow chart of this program is shown as Fig. 7, a copy 
of the program is included as appendix C. 

Figs. 8 and 9 show two examples of Langmuir characteristics as 
scmilogarithmic plots produced by the system. The current for increasing 
bias voltage is marked by x-es, for decreasing bias by squares. The 
ion current is plotted as log of its absolute value. The probe used in 
the plasma was a stainless steel sphere of 5 mm diameter. The surface 
was discharge cleaned for 10 minutes in nitrogen at about lOp pressure. 

The Langmuir curves show almost no hysteresis. In Fig. 8 the floating 
potential is at +100 mV. In this experiment the plasma was clearly non- 
Maxwellian since the differential or "generalized temperature" T 

U 

shows a monotonous increase. Here crosses are for the upward going and 
triangles for the downward going part of the curve. Fig. 9 6hows a 
case where the distribution function of the electrons is close to 
Maxwellian. This shows up in the shoulder shaped part of the T„ - 
curve, occuring between 1 and 1.4 Volts and corresponding to an electron 
temperature T g of about 5000 K. For an ideally Maxwellian distribution 
the shoulder would have a horizontal plateau. A high value of T^ corresponds 
to a large, a low T^-value to a small horizontal extension of the plateau. 

The low T -values on the left side reflect the drop of the measured 

\J 

total current due to the ion current which becomes significant with 
decreasing bias voltage. The high T -values on the right side are due 
to the transition-knee from the retarding to the saturation regime of the 




/ 


t 
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chaructcristi :. This knee 1 b Influenced by the inhomogeneity of the work 
function over the probe nurface. A perfectly homogeneous work function 
would produce a sharper knee of the electron current curve and a 
correspondingly straightened shape of the T^-plateau. 

Above 2.5 V bias the data are meaningless since in this case the 
current exceeded the upper current limit (10 ^ amperes) to which the 
electronics of the Digital Langmuir Probe was set. 
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